In surgical treatment of pancreatic cancers, the effectiveness of the procedures largely depends on the ability to completely and precisely remove the malignant tumors. We present the ex-vivo use of oblique incidence diffuse reflectance spectroscopy (OIRDS) to detect and differentiate normal from neoplastic tissue. An OIRDS probe has been constructed to provide scattering and absorption information of the pancreatic tissue. To reveal the physiological origin of the difference in these optical signatures, the optical scattering coefficients were extracted along the pancreatic duct with 1-cm spacing. Experimental results show that OIDRS was able to successfully determinate the tumor margins based on the higher optical scattering on malignant tissue.
INTRODUCTION
Pancreatic cancer is a malignant neoplasm of the pancreas. It is estimate that in 2010 more than 43,000 people in the United States will be diagnosed with this disease. 1 Pancreatic cancer often has a poor prognosis, even when diagnosed early. In surgical treatments of malignant tumors, the effectiveness of the treatment procedures largely depends on the ability to completely and precisely remove the malignant tumor tissue. Generally, the tissue in the suspicious regions is first removed and the histological samples are prepared and analyzed. Based on the results of the histology, the next round of tissue removal is planned and performed. A complete surgery would require multiple cycles of tissue removal and analysis, which results in an extremely long procedure. There is an unmet need for a rapid method of determining free tumor margin at surgery that correlates with formal final histology. Recent studies have shown that the optical absorption and scattering properties of human tissues are closely linked to certain critical physiological signatures of their states of malignancy. [2] [3] [4] [5] Oblique incidence diffuse reflectance spectroscopy (OIDRS) is a spectroscopic method, which utilizes a fiber optic sensor probe (coupled with a data acquisition system), to robustly and accurately measuring the diffuse reflectance of inhomogeneous media (e.g., biological tissues) in contact. 6 Both the optical absorption and scattering properties of the inhomogeneous media can be readily extracted from the measured diffuse reflectance spectra.
EXPERIMENTAL SETUP
The OIDRS system is shown in Fig. 1 . A halogen lamp is used as the light source. An optical multiplexer allows the light delivery through only one source fiber at a time to the area of interest. The diffuse reflectance is collected by the collection optical fibers. The collection fibers are coupled with the imaging spectrograph that generates an optical spectrum for each fiber. The CCD camera collects the spatially resolved diffused reflectance for the wavelength range from 455 to 765 nm. Finally the information is storage in a personal computer for further analysis. The absorption (μ a (λ)) and reduced scattering (μ s '(λ)) coefficients for a particular wavelength can be estimated from the spatially resolved steady-state diffuse reflectance y solving the inverse problem. For the forward model first we used the modified two-source diffusion theory approximation for an oblique incidence source. 7, 8 The resolved steady-state diffuse reflectance a particular wavelength is described by
where ρ 1 and ρ 2 are the distances between the point of observation on the sample surface and the point of incidence. Δz is the distance between the virtual boundary and the tissue depth and z b is the distance between the virtual boundary and the 
where α t is the angle of refraction (Fig. 3) . Using simple transformations the absorption and reduced scattering coefficients can be calculated by When the distance between the source and the detectors is comparable to the transport mean free path (~1 mm), diffusion theory does not apply. In this case, scaleable Monte Carlo simulation can be applied to extract optical properties from the diffuse reflectance. 9 An initial single reference Monte Carlo simulation was conducted with a fixed anisotropy factor g and for reference absorption and scattering coefficients (µ ar and µ sr ). The time-resolved diffuse reflectance R(x,y,t) for any new optical parameters, µ a and µ s , is calculated based on the following relationship When distance (y) between any collection fiber and the source fiber is constant, R(x,t) is obtained by first scaling in the y direction. The corresponding steady-state diffuse reflectance is calculated by
The inverse problem is solved by calculating and matching the simulated diffuse reflectance results with the actual measurements.
PRELIMINARY EXPERIMENTAL RESULTS
The OIDRS system was used to measure a pancreatic human sample with cancerous tumor (Fig. 2) . Each series of measurements was performed with a 1-cm interval. The OIRDS measurements were later. Previous studies have shown that malignant tissues present different spectroscopic characteristic than their benign counterparts. [10] [11] [12] Malignant tissues usually manifest larger cell density and enlarged cell nuclei. Mitochondria, other cytoplasmic organelles and structures within cell nuclei, are expected to be significant light scatterers and the average effective size of the scattering centers is on the order of a few hundred nanometers. [13] [14] [15] Therefore, the relative value of the scattering parameter could serve as a good indicator to differentiate the malignant tissues from the normal ones. 
CONCLUSIONS
Our preliminary results show the utility of OIDRS to determinate free tumor margin at surgery. OIDRS is a rapid process that is sensitive to light scattering properties and predicts the presence of cancer. This approach can potentially be used in other operative settings, including surgery for bile duct, gastroesophageal, and head & neck cancer, to guide accurate but effective tumor removal.
